Introduction
As is well-known, the microwave dielectric ceramic materials with high quality factor (Q × f) and high permittivity ( r  ) have been developed for applications in satellite positioning, navigation, and wireless communication.
At present, microwave telecommunication and satellite broadcasting has become one of the fastest developing segments in the communications and electronics industry. Meanwhile, the widespread usage of several wireless systems has required dielectric components that are low-cost, lightweight, small, multifunctional, and highly reliable to reduce the device size. In addition, high dielectric constant, high quality factor, and near-zero temperature coefficient of resonant frequency are three key properties required for microwave resonator materials [1] .
In early time, Bolton [2] has reported one unknown BaO-Nd 2 O 3 -TiO 2 ternary compound, which has a high relative permittivity ( r  ) and a low temperature coefficient of resonant frequency ( f  ). Later, Ohsato and co-workers [3, 4] have done extensive work on the preparation, characterization, and structure and property investigation of tungsten bronze type materials. In addition, Valant et al. [5] and Varfolomeeva and Miranov [6] As can be seen from Table 1 , all of them find that the substitution of ions can significantly enhance Q × f and reduce f  [16] [17] [18] [19] .
Ba 6-3x Ln 8+2x Ti 18 O 54 (Ln = La, Nd, Sm) has been reported to possess high permittivity ( r  ) and quality factor (Q × f ) [20] [21] [22] [23] [24] . The aim of our present work is to improve the microwave dielectric properties of (Ba 1−x Sr x ) 4 
The crystalline phases of the sintered ceramics were identified by X-ray diffraction (XRD) using Cu Kα radiation (Rigaku D/MAX-2400 X-ray diffractometer, Tokyo, Japan). Surface topologies of the ceramics were observed by scanning electron microscopy (SEM; JSM-6460, JEOL, Tokyo, Japan). Meanwhile, in order to investigate the effect of Sr 2+ substitution for Ba 
where 25 f and 75 f were the resonant frequencies at 25 ℃ and 75 ℃, respectively. Fig. 1(a) Figure 2 shows the SEM micrographs of (Ba 1−x Sr x ) 4 (Sm 0.4 Nd 0.6 ) 28/3 Ti 18 O 54 ceramics sintered at 1440 ℃ for 4 h. As can be found from the micrographs, all the samples show dense and homogeneous microstructures. Also, with the increase in the number of Sr 2+ ions, the pores appear in the microstructures. At the same time, an excess of Sr 2+ ions results in the agglomeration phenomena, preventing the better densification. On the other hand, EDX analysis was used by combining with SEM to prove that the substitution of Sr 2+ for Ba 2+ has been successfully executed, as shown in Fig. 3 . It is obvious that the Sr 2+ ions can substitute for Ba 2+ ions, which is in agreement with the results of XRD patterns in Fig. 1(a) . In addition, in order to understand how the Sr (0.02 ≤ x ≤ 0.1) ceramics show agglomeration and dense and homogeneous microstructures. Furthermore, it can be clearly seen that the porosity increases with increasing x value, implying that an increase of Sr 2+ ions (x ≥ 0.1) may deteriorate the densification of the specimens. From the observation of microstructure, the Q × f value is influenced by the defect, which results from that the less crystal imperfection and porosity in the sample's interior structure, and a higher Q × f value will be obtained. Meanwhile, the corresponding Q × f value slightly decreases from 10264 to 9200 GHz while x varies from 0.02 to 0.1. The dielectric relaxation caused by its large resistivity is one of the reason for the dielectric loss of (Ba Ti 18 O 54 ceramic for x = 0.08 as a function of its sintering temperature for 4 h are shown in Fig. 7(b) . In Fig. 7(b (0.02 ≤ x ≤ 0.1) ceramics sintered at 1440 ℃ for 4 h. In Fig. 8 , it is noted that the changes of f  , electronegativity (e), and tolerance factor (t) show the same trend with the increase of x value, and the minimum values of all the parameters can be obtained at x = 0.1, which indicates that the changes of f  are mainly dependent on the electronegativity (e) and tolerance factor (t) of the (Ba 1−x Sr x ) 4 , respectively [34, 35] . In addition, the reduction of t illustrates that the symmetry in BaNd 2 Ti 5 O 14 phase has a reduction in the increase of x value. With the increase of the Sr 2+ ion content, the electronegativity of the tungsten bronze structure almost decreases linearly. Meanwhile, the changes of f 
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